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COMBINED COARSE AND FINE BUBBLE
DIFFUSER

FIELD OF THE INVENTION

The present mnvention 1s generally directed to the field of
wastewater treatment by diffusion, and more particularly to
the combination of fine air diffusion and coarse bubble
mixing working in tandem 1in a single system.

BACKGROUND

In the treatment of wastewater, fine bubble diffuser sys-
tems and coarse bubble mixing systems each provide respec-
tive benefits relating to the aeration and mixing of waste-
walter.

Traditionally, fine bubble diflusion 1s used 1n wastewater
treatment to provide mass transier of oxygen to the water.
Fine bubble diffuser systems typically release fine air
bubbles, in the size range of about 0.5 mm to 3.0 mm in
diameter for example, into the wastewater in order to
provide a large amount of surface area contact with the
wastewater. These small, fine bubbles are beneficial in that
they are eflicient in transferring oxygen to the wastewater
and thus enhance the overall efliciency of the diffusion
process. The influx of oxygen, in combination with the
sewage 1n the wastewater, allows bacteria to produce
enzymes which help break down the waste. Fine bubble
diffusion can also promote movement of the water to prevent
water stagnation.

Coarse bubble systems, on the other hand, typically offer
moderate oxygen transier ethiciency, while providing an
increased turbulence and mixing capability. Coarse bubble
systems typically release larger air bubbles having a greater
diameter and smaller amount of contact area. Coarse bubble
systems will typically transier oxygen at half the efliciency
as {ine bubble diffusers. While coarse bubble systems are not
as eflicient 1n transferring oxygen to the wastewater, they are
capable of displacing more wastewater and thus creating
turbulence 1n the wastewater, which would otherwise be less
pronounced with smaller bubbles (1.e., fine bubbles).

Traditionally, consumers choose to install either a fine air
bubble diflusion system or a coarse bubble diflusion system.
Recently however, there 1s a market for both systems work-
ing 1n tandem. An example of one such combined device 1s
the MARS™ Aerator oflered by Triplepoint Water Tech-
nologies LLC. This aerator includes a static coarse bubble
tube and a fine bubble tubular diffusers mounted to a
common base.

Currently known combined systems are not without prob-
lems 1n efliciency and use. For example, known systems
have only a single splitting orifice that controls the airflow
supplied to both the fine bubble diffusers and the coarse
bubble mixer. This engineered splitting orifice only provides
the proper splitting of air between the fine bubble diffusers
and coarse bubble mixer at a single, specified airtlow. If the
air pressure drops lfor example, significantly less air 1s
discharged through the fine bubble diffusers, while a gen-
crally constant volume of air may still be discharged from
the coarse bubble mixer. At higher air pressures, more than
a desired amount of the airflow may be directed to the fine
bubble diffuser. The result 1s a system that 1s adapted for
operating at a single design point, with little to no flexibility
for loading above or below the design point.

Maintaining constant and desired airflow distribution
between the coarse bubble mixer and the fine bubble diif-
fusers 1s a problem that amplifies once new units are moved
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from testing facilities into wastewater treatment plants and
lagoons. Materials 1n the liquid can deposit on and build-up
on the fine bubble diffusers to clog or partially clog the

perforations and reducing the efliciency of the diffuser. As
this occurs, air distribution or design airflow to each of the
fine bubble diffuser and coarse bubble mixer becomes even
harder to achieve. The longer these systems are 1n use, the
worse they perform.

Additionally, because each diffuser unit only has one
orifice for receiving air, each unit must have an individual
airline connected to each diffuser unit. Because each unit has
its own air unit, uniform airflow amongst multiple units 1s
nearly impossible.

Further yet, when air 1s supplied to currently known
combined systems, the supplied air 1s used only once, and
for one purpose. For example, the supplied air or gas 1s split
by the orifice to eirther the fine air diffuser for oxygen
transier or to the coarse bubble mixer for water disruption.
When the air 1s discharged by either system, no portion of
the discharged air or gas 1s reused for a different purpose or
otherwise used again.

Even when currently known combined systems are work-
ing correctly, there 1s a design flaw 1n achieving maximum
elliciency. Because coarse bubble mixers transfer oxygen at
only half the level of fine bubble diffuser, currently known
combined systems will never be able to achieve oxygen
transfer of a fine bubble diffuser. Because the supplied
airflow 1s being split to both the coarse bubble mixer and the
fine air diffuser, the portion of the airtlow directed to the
coarse bubble mixer will only transfer oxygen at half the
clliciency of fine bubble diffusers.

Accordingly, a need exists for a combined coarse and fine
bubble diffuser system that provides balanced and desired
airflow to both the coarse bubble mixer and the fine bubble
diffusers. A need also exists for a combined coarse and fine
bubble diffuser system that provides long-term consistent
performance without sacrificing efliciency and effectiveness.
An additional need exists for a combined coarse and fine
bubble diffuser system that has increased efliciency. A

further need exists for a combined coarse and fine bubble
diffuser system having a simple and reliable design.

SUMMARY OF THE

INVENTION

The present invention mvolves the provision of a system
and method for aerating and mixing a liquid, such as
wastewater. One or more fine bubble diffusers and one or
more large or coarse bubble mixers are provided i a
particular arrangement or subsystem. The fine bubble dii-
fusers can be configured for discharging or diffusing gas into
the liquid 1n the form of fine bubbles. The large bubble mixer
may be configured for intermittently discharging large
bubbles that, upon exiting the large bubble mixer, may break
into a plurality of smaller coarse bubbles.

In a preferred embodiment of the present invention, the
large bubble mixer, or at least a portion thereof, 1s located
above the fine bubble diffusers. Put differently, the fine
bubble diffusers are located generally beneath, or at a depth
lower than, the large bubble mixer. In particular, the large
bubble mixer can have an accumulator with a peripheral
skirt and at least a portion of one or more of the fine bubble
diffusers may be located beneath the skirt. In one embodi-
ment, at least one fine bubble diffuser 1s located directly
below the accumulator of the large bubble mixer. Other of
the fine bubble diflusers may be located only partially below
the accumulator of the large bubble mixer (1.e., not fully
located directly below the accumulator).
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At least a portion of the gas discharged from the fine
bubble diffusers 1s subsequently captured by the large
bubble mixer. Prior to being captured by the large bubble
mixer, the gas discharged from the fine bubble diffuser
acrates the wastewater. The gas captured by the large bubble
mixer 1s accumulated within the large bubble mixer to
generate a large bubble that again, upon exiting the large
bubble mixer, may break into a plurality of smaller coarse
bubbles. The large bubble mixer can be configured to
discharge a large bubble once the accumulator becomes at
least substantially or fully filled with gas. Once formed, the
large bubble 1s released from an upper end of the large
bubble mixer. As such, the large bubble mixer may be
adapted for operating as a siphon to generate one large
bubble per discharge cycle.

In one embodiment, the system comprises a single supply
line that supplies gas to the fine bubble diffuser(s). In an
alternative embodiment, the system comprises two supply
lines—one that supplies gas to the fine bubble difluser(s) and
one that supplies gas to the large bubble mixer. These two
lines may be controlled independently from one another
such that the amount and flow of gas supplied to the fine
bubble diffusers 1s mndependent of the amount and flow of
gas supplied to the large bubble mixer.

The present invention also mvolves a method of aerating
and mixing a liquid, such as wastewater, wherein the system
described above may be implemented. In one embodiment
of this method, one or more fine bubble diffusers and one or
more large or coarse bubble mixers are provided and gas 1s
supplied only to the fine bubble diffuser. At least a portion
of the gas discharged by the fine bubble diffusers may be
captured by the large bubble mixer. In other words, the gas
captured by the large bubble mixer 1s reused for additional

oxygen transier and mixing after 1t 1s used for aerating or
oxygenating the liquid upon discharge from the fine bubble
diffuser(s).

Other and further objects of the invention, together with
the features of novelty appurtenant thereto, will appear in the
course of the following description.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

In the accompanying drawings, which form a part of the
specification and are to be read in conjunction therewith 1n
which like reference numerals are used to indicate like or
similar parts in the various views:

FIG. 1 1s a side view of a combined large/coarse and fine
bubble diffuser system using fine bubble disc diffusers in
accordance with one embodiment of the present invention;

FIG. 2A 1s a top side schematic view of a combined
large/coarse and fine bubble diffuser system using fine
bubble disc diffusers in accordance with one embodiment of
the present mnvention;

FIG. 2B 1s a top side schematic view of a combined
large/coarse and fine bubble diffuser system using fine
bubble disc diffusers 1n accordance with another embodi-
ment of the present invention;

FIG. 2C 1s a top side schematic view of a combined
large/coarse and fine bubble diffuser system using fine
bubble disc diffusers in accordance with a further embodi-
ment of the present invention;

FIG. 3 1s a side view of a large/coarse bubble mixer in
accordance with one embodiment of the present invention;

FIG. 4 1s a side view of a large/coarse bubble mixer in
accordance with one embodiment of the present invention;
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FIG. 5 1s a schematic side sectional view of a fine bubble
disc diffuser in accordance with one embodiment of the

present invention; and

FIG. 6 1s a schematic layout of a wastewater treatment
system utilizing a plurality of combined large/coarse and
fine bubble diffuser systems in accordance with one embodi-
ment of the present invention.

DESCRIPTION OF THE INVENTION

The invention will now be described with reference to the
drawing figures, in which like reference numerals refer to
like parts throughout. For purposes of clarity in illustrating
the characteristics of the present invention, proportional
relationships of the elements have not necessarily been
maintained in the drawing figures. It will be appreciated that
any dimensions included in the drawing figures are simply
provided as examples and dimensions other than those
provided therein are also within the scope of the invention.

The following detailed description of the mvention ref-
erences specific embodiments in which the imnvention can be
practiced. The embodiments are intended to describe aspects
of the invention 1n suflicient detail to enable those skilled 1n
the art to practice the invention. Other embodiments can be
utilized and changes can be made without departing from the
scope ol the present invention. The present invention 1s
defined by the appended claims and the description is,
therefore, not to be taken 1n a limiting sense and shall not
limit the scope of equivalents to which such claims are
entitled.

The present invention 1s directed generally to a combined
large/coarse and fine bubble diffuser system and to a process
of combining a coarse bubble mixer with a fine bubble
diffuser 1n a way such that the fine bubble diffuser supplies
air or gas for use by the coarse bubble mixer. This combi-
nation allows for maximum fine bubble oxygen transier and
mixing from the fine bubble diffusers, plus additional mixing
and oxygen transfer from the coarse bubble mixer. It should
be noted that, as used herein, the terms “large/coarse bubble
mixer,” “large bubble mixer,” and *“coarse bubble mixer”
may be used interchangeably and all refer to the same
device, as further described below. In a preferred embodi-
ment of the present invention, the large/coarse bubble mixer
may be adapted for generating a single large bubble each at
cach discharge that will, upon exit from the stack pipe, split
or burst into multiple coarse bubbles.

One embodiment of the present invention 10 i1s used 1n
wastewater treatment aeration systems and combines the
mixing capabilities of a coarse bubble mixer 20 with the
oxygen transierring capabilities of fine bubble diffusers 50.
The fine bubble diffusers 50 are designed for transferring
oxygen to the wastewater in order to promote bacterial
growth and the breakdown of waste and contaminants
therein. The coarse bubble mixer 20 can be adapted for
generating large bubbles for both oxygen transier and for
disturbing the wastewater and displacing and dispersing
oxygen 1n the wastewater.

By combining the coarse bubble mixer 20 and fine bubble
diffuser 50 1n the manner and configuration disclosed herein,
only one source of gas or air 1s needed, and there can be a
generally umiform distribution of oxygen to each unit. This
combination also utilizes one supply of air or gas for
multiple purposes, for increased efliciency when compared
to current combination systems.

As 1llustrated 1n FIG. 1, one embodiment of the combined
system 10 1s adapted for connection to a lateral air distri-
bution pipe, such as the pipe 70, which may be submerged
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or may be floating on the surface of the liquid. As shown, air
or other gas may be supplied to the pipes 70 and discharged
into a tee-fitting 60 (the actual connection 1s not shown i1n the
figures, but the tee-fitting 60 would be threaded or otherwise
connected to the pipe 70). The combined system 10 includes
fine bubble diflusers 50 connected to the pipes 70 using a
threaded connection or other possible fastening means, such
as clamps, bolts or other types of suitable fasteners. The
tee-fitting 60 provides an opening and path to allow air or
gas Irom the lateral pipe 70 to enter the fine bubble diffusers
50. The fine bubble diffusers 50 discharge air or gas as fine
bubbles into the wastewater. The pipes 70 may be con-
structed from any suitable material including, but not limited
to, PVC, CPVC, ABS, stainless steel, galvanmized 1ron,
galvanized steel, and other suitable materials.

While FIGS. 1, 2A, 2B and 2C depict a system 10 having
fine bubble diffusers 50 1n the form of disc diffusers, it 1s to
be understood that the present invention 1s equally appli-
cable to disc diffusers, tube diffusers, panel diffusers, any
other suitable type of fine bubble diffuser now known or
hereafter developed, or combinations thereof.

An example of a fine air bubble diffuser 50 1s depic‘[ed 1n
FIG. 5. As air or other gas 1s applied to fine air bubble
diffuser 50, a perforated or porous membrane 52, on top of
the dl_fuser body 54, will expand from the d1ffuser body 54,
thus opening perforations in the membrane 54 and discharg-
ing the air or gas through the perforations into the liquid 1n
the form of fine bubbles which are beneficial in that they
ciiciently transfer the gas to the liqmd. When the gas
pressure 1s relieved, the flexible perforated membrane 52
collapses back onto the diffuser body 34 and thus closes the
perforations so that the liquid i1s unable to leak into the
diffuser. The membrane 52 may be held 1 place on the
diffuser body 54 by a solid outer retainer ring 56 and an
integrated gasket and precision seal 58.

Again, while a disc diffuser may be implemented as the
fine bubble diffuser 50 1n one embodiment, other embodi-
ments may utilize other types and configurations of fine
bubble diffusers. As mentioned, other possible embodiments
may include tube diffusers, panel diffusers, disc diffusers,
any other suitable type of fine bubble diffuser now known or
hereafter developed, or combinations thereof. Some
embodiments may include mounting the fine bubble diffuser
system horizontally on a ballast block. While the embodi-
ments of the fine bubble diffuser can have different internal
operations, the end result of each embodiment 1s fine air
bubbles being diffused into the wastewater for oxygenation,
with a portion of the fine bubbles being captured by the
accumulator 32 of the coarse bubble mixer 20 to activate a
secondary supplemental coarse bubble mixing and aeration.

One embodiment 1includes one of more of a plurality of
fine bubble diffusers 50 arranged either partially or fully
beneath the coarse bubble mixer 20. For example, in the
embodiment shown 1in FIGS. 1 and 2A, the fine bubble
diffusers 50 are arranged 1n a cross fashion, with one fine
bubble diffuser 50 located directly underneath the coarse
bubble mixer 20, and four fine bubble diffusers 50 arranged
generally equally around the coarse bubble mixer 20. In the
embodiment shown in FIG. 2B, one fine bubble diffuser 50
1s located directly and fully undemneath the coarse bubble
mixer 20, and four fine bubble diffusers 50 located partially
underneath the coarse bubble mixer 20. The embodiment
illustrated 1n FIG. 2C includes four fine bubble diffusers 50
located partially underneath the coarse bubble mixer 20. In
other embodiments, all of the fine bubble diffusers 530 may

be located fully beneath the coarse bubble mixer 20. It waill
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be appreciated that numerous other layouts and configura-
tions are also well within the scope of the present invention.

The overall layout of the components, including the fine
bubble diffusers 50, can vary for a number of reasons. The
number of fine air disc diffusers per line i1s flexible, and
depends on the area and size of the space they inhabit and
the size and shape of the fine bubble diflusers 50. The fine
bubble diffusers 50 can vary 1n size, and in disc form may
be 7 inch, 9 inch, 12 inch, or other suitable diameters without
limiting the scope of the mvention. Similarly, the tube and
panel fine bubble diffuser variations may also vary 1n size
and length. While the size, location, and layout of the fine
bubble diffusers 50 may vary based on the embodiment, in
all embodiments the fine bubble diffusers 50 are located
below the coarse bubble mixer(s), with a portion of the fine
bubbles being captured by the accumulator 32 of the coarse
bubble mixer 20 to activate coarse bubble mixing and
acration. FIGS. 2A, 2B, and 2C display three such embodi-
ments, although 1t will be appreciated that many other
designs, layouts, and configurations are within the scope of
the present invention.

The combined diffuser system 10 also contains a coarse
bubble mixer 20 for intermittent releasing of a large bubble
that mixes the wastewater. As best i1llustrated in FIG. 3, the
coarse bubble mixer 20 generally comprises a generally
vertically-extending central draft tube or stack pipe 22, an
accumulator 32, and an upright cup-shaped member 44
arranged therebetween. The lower end of the stack pipe 22
may be aflixed to a base 28, which 1s 1n turn attached to the
ground or bottom of the treatment basin 30 or treatment area.
An accumulator 32 surrounds the stack pipe 22 and can be
attached thereto. The accumulator 32 may be 1n the form of
an outer open bottom, 1nverted cup-shaped member having
a downwardly-extending peripheral wall or skirt 34. The
upright cup-shaped member 44 includes a closed lower wall
or end 46 and an upwardly-extending peripheral wall or skart
48. An outer open chamber 62 1s defined between the upright
cup-shaped member 44 and the accumulator skirt 34.
Another chamber 64 1s defined between the stack pipe 22
and the upright cup-shaped member 44.

The coarse bubble mixer 20 operates as an inverted
siphon to generate one large bubble 424 to discharge during
cach discharge cycle. The coarse bubble mixer 20 receives
oxygen or other gases through the air accumulator 32
located at the lower end of the mixer 20. This oxygen or
other gas 1s diffused from one of more of the fine bubble
diffusers 50 located beneath the accumulator 32. The oxygen
or gas then proceeds upwardly and fills the accumulator 32.
As the gases fill the contents of the accumulator 32, water 1s
pushed out of the accumulator 32. Then, eventually when
enough air has filled the accumulator 32, a seal 1s broken and
the water pushes the air 1 the dlrectlon of the arrows 66,
through chamber 64, and into the stack pipe 22 via an nlet
68 therein. In other words, as the accumulator 32 reaches
maximum capacity, the internal pressure causes the gas in
the accumulator 32 to enter the stack pipe 22, creating a
siphon causing a release of all or most of the gas 1n the
accumulator 32 as one large bubble 42a. The volume of the
single large bubble 42a can have generally about the same
volume as the specified volume defined within the accumu-
lator 32, as demonstrated 1n FIG. 3. The gas enters the stack
pipe 22 as one large, bullet-shaped bubble 42a. When the
gas enters the stack pipe 22, 1t rises up through the pipe 22
until 1t reaches the opening 26 at the top of the pipe 22 and
1s released into the wastewater 1n the form of one large
bubble 42a. Upon the large bubble 42a exiting the stack pipe
22 and entering the wastewater, 1t bursts and 1s broken up
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into two or more traditional coarse bubbles (not shown). The
bursting of the single large bubble, plus the resultant of the
multiple coarse bubbles, act as a disruptor 1n the wastewater,
displacing and mixing the wastewater and the contents
thereimn. The multiple coarse bubbles can also aerate the
wastewater with adequate submergence 1n the liqud. The
accumulation and discharge of air can be described as
pulsing, in that subsequent large bubbles 4256 are generated
and released 1n a consistent and pulsating manner. The space
between each of the large bubbles 424 and 425 may be filled
with water 1n the form of pumpage.

The present invention 1s directed towards the combination
of the coarse bubble mixer 20 and fine bubble diffusers 50
to achieve both eflects simultaneously. Specifically, the
present invention 1s designed to achieve maximum efli-
ciency delivering oxygen from the fine gas bubble diffusers
50, then capturing a portion of the fine bubbles with the
coarse bubble mixer 20 (i.e., reusing a portion of the oxygen
or gas discharged from the fine bubble diffusers 50) as the
oxygen or gas source for the coarse bubble mixer 20.

Unlike other known systems, the present invention does
not distribute the same airtlow between the coarse bubble
mixer 20 and fine bubble diffusers 50. Air or gas 1s supplied
to the fine bubble diffusers 50 as 11 they are acting indepen-
dently from the combined system 10. By supplying gas or air
to only the fine bubble diffusers 50, there will be uniform
and consistent distribution to the fine bubble diffusers 50.
When oxygen or gas 1s released from the fine bubble
diffusers 50, as 1n any fine bubble diffuser embodiment, the
released oxygen or gas 1s transierred into the wastewater for
oxygen transier. All of the air diffused from the fine air
diffusers 50 1s used for oxygen transier. As a subsequent or
additional use, a portion of the discharged air 1s captured by
the coarse bubble mixer 20 for coarse bubble mixing, but
only after oxygen transier has occurred. In one preferred
embodiment of the present mnvention, 100% of the air
pumped 1nto the system i1s discharged from the fine air
diffusers 50, and there 1s no loss 1n efliciency resulting from
capturing a portion of the discharged fine bubbles by the
coarse bubble mixer 20.

In one embodiment of the present invention, as depicted
in FIGS. 1-2, the coarse bubble mixer 20 will be mounted
over the top of one or more of the fine bubble diffusers 50.
The method of mounting the coarse bubble mixer 20 will
vary based on the embodiment, and in one embodiment, 1t
may be fixed to a ground base 30, concrete base, suspended
from floating laterals, or may be mounted 1n other possible
arrangements. The distance between the coarse bubble
mixer 20 and the fine bubble difluser 50 system can also
vary, but the coarse bubble mixer 20 should generally be
close enough to the fine bubble diffusers 50 so that 1t can
cllectively capture a portion or all discharged fine bubbles,
depending on the embodiment.

As oxygen or gas 1s released from the fine bubble diffusers
50, a percentage of the released gas will be collected by the
coarse bubble mixer 20 using the air accumulator 32. The
amount ol air captured by the air accumulator 32 of the
coarse bubble mixer 20 varies based on several factors such
as the size and shape of the skirt 34, the configuration and
location of the fine bubble diffusers 50, and the location of
the coarse bubble mixer 20 1n relation to the fine bubble
diffusers 50, among other factors. Depending on the embodi-
ment, the coarse bubble mixer 20 could capture 5-100%,
10-60%, 20-30%, or other percentages of the air or gas
discharged by the fine bubble diffusers 50. While the
embodiment depicted 1n the figures includes one fine bubble
diffuser 50 located directly beneath the skirt 34 and four fine
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bubble diffusers 50 located in a surrounding orientation, 1t
will be appreciated that other configurations of diffuser 30
and skirt 34 orientations are within the scope of the present
invention. In such an embodiment, 1t will be appreciated that
a portion of the air discharged from the central fine bubble
diffuser 50 may be captured the accumulator 32 and a
portion of the air discharged from the central fine bubble
diffuser 50 may pass up directly through the standpipe 22.

It will be appreciated that the configuration and location
ol the fine bubble diflusers 30 and coarse bubble mixer 20
can vary based on the embodiment, the source of gas for the
coarse bubble mixer can also change based on the embodi-
ment. In one such configuration within the scope of the
present invention, one or more coarse bubble mixers 20 can
be located above one another. In such an embodiment,
coarse bubbles discharged from the bottom coarse bubble
mixer 20 would be captured by a coarse bubble mixer
located above the first. In such an embodiment the coarse
bubble mixer 20 located above the first would capture air or
gas through the air accumulator 32 1n a similar fashion as a

coarse bubble mixer 20 would capture air or gas from a fine
bubble diffuser 50.

The size and shape of the bubble being discharged from
the stack pipe 22 of the coarse bubble mixer 20 depends on
various factors, including the diameter of the stack pipe 22,
for example. It will be appreciated that each time the coarse
bubble mixer 20 generates a bubble, the volume of the
bubble 1s relatively constant. The size or volume of the
generated bubble does not necessarily depend on the rate at
which the air accumulator 32 captures air from the fine
bubble diffusers 50, nor does 1t depend on the percentage of
air being captured from the air accumulator 32, only the
frequency of the discharge varies.

The amount, volume and frequency of the bubbles being
discharged from the stack pipe 22 depend on various factors,
including the size and volume of the accumulator 32 (includ-
ing its cross-sections area and height), and the amount of air
or gas capture by the accumulator 32, for example. While the
skirt 34 of the accumulator 32 shown 1n the figures has a
generally round cross-sectional shape, 1t will be understood
the skirt 34 1n other embodiments may be of a different
shape, such as oval, square, rectangular, polygonal, or other
suitable shape. The accumulator 32 may be of any suitable
volumetric size, including but not limited to volumes
between 1-4 ft° or larger, among other suitable volumes. The
total volume of each bubble released by the coarse bubble
mixer 20 1s generally a fixed volume, equal to the volumetric
s1ze ol the accumulator. When the accumulator 32 reaches
maximum capacity, all air or gas 1n the accumulator 32 will
be discharged as one large bubble 42a. The air accumulator
32 will not discharge unless maximum capacity 1s reached,
ensuring a generally constant and consistent bubble size.

When the accumulator 32 reaches 1ts maximum capacity,
it will discharge the air or gas contained therein through the
stack pipe 22 and into the wastewater. The rate at which the
coarse bubble mixer 20 discharges depends on multiple
factors, including but not limited to, the amount of gas or air
supplied to the fine bubble diffusers 50, the number of fine
bubble diffusers 50 1n the system, the location of the coarse
bubble mixer 20 relative to the fine bubble diffusers 50, and
the volumetric size of the accumulator 32 of the coarse
bubble mixer 20, among other factors.

In one embodiment of the invention, air or gas may be
optionally supplied only to the fine air diffusers 50 and the
coarse bubble mixer 20 may be not 1n use (e.g., 1t may be
covered, removed, deactivated, etc.). In such a mode of
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operation, the system 10 could operate as a fine bubble
diffuser system even 1f the coarse bubble mixer 20 1s not 1n
use.

Depending on the embodiment and the factors listed
above, there are several different rates that the coarse bubble
mixer 20 can discharge. In one embodiment, the coarse
bubble mixer 20 may discharge once every five minutes or
twelve discharges per hour. In another embodiment, the
coarse bubble mixer 20 may discharge up to thirty times per
minute or 1800 times per hour. These discharge rates are not
exhaustive, and the rate at which the coarse bubble mixer 20
can discharge can vary. In each embodiment, the coarse
bubble mixer 20 has an intermittent discharges or pulses.
The discharge will occur after the coarse bubble mixer 20
collects enough air from the fine bubble diffusers 50 to fill
the accumulator 32 and cause the air inside to dlscharge nto
the stack pipe 22 as a single large bubble 42a of arr.

In this embodiment, the coarse bubble mixing 1s an
additional or secondary function of the fine bubble diffuser
10. The coarse bubble mixer 20 has no direct connection to
the source of the air or gas, and 1nstead, 1s supplied air from
the fine bubble diffusers 50. After the fine bubble diffuser 50
discharges air for oxygen transier in the wastewater, a
portion 1s subsequently collected by the coarse bubble mixer
20 for mixing and disrupting the water with maximum
turbulence and for additional oxygenation when engineering,
with adequate submergence.

Additionally, the coarse bubble mixing 1s a subsequent
use of the discharged air from the fine bubble diffusers 50.
100% of the air or gas 1S supphed to the fine bubble diffuser
system, and that air or gas 1s used solely for fine bubble
diffusion. The portion of the air or gas captured by the air
accumulator of the coarse bubble mixer 20 will have a
subsequent use of generating the large bubble 42a for coarse
bubble mixing after it has transferred oxygen in the fine
bubble diffusion system.

The combination coarse and fine bubble diffuser 10 has
the benefit of 1improving the efliciency of the fine bubble
diffusers 50. By disrupting and displacing the wastewater 1n
the system, the coarse bubble mixer 20 can help break up
sludge, algae, and other buildups on the surface or in the
water. Additionally, the disruption caused by the coarse
bubble mixer 20 can also disperse and displace the dis-
charged oxygen produced by the fine bubble diflusers 50 and
the aid the oxygen 1n traveling throughout the water volume
and provides a secondary mixing to enhance the oxygen
transier or solids suspension.

This combination system provides a second use for a
portion of the discharged air from the fine bubble difluser 50.
Unlike the other known systems that only get one use of
discharged gas or air, the present invention gets two (2) uses
out of a portion of the discharged gas or air from the fine
bubble diffuser.

The mvention may be configured 1n several different
embodiments, depending on the configuration of the fine
bubble diffuser layout, the placement of the coarse bubble
mixer, as well as the environment the system will be
operating in including but not limited to concrete tanks,
concrete basins, reservoirs, lagoons, and other systems of
wastewater and water treatment. The combined coarse and
fine bubble difluser may take embodiments including sitting
on the floor with individual airlines, sitting on the floor with
multiple units that can be driven off a single airline, floating,
air lateral system with units sitting on the floor, floating air
lateral system with suspended units ofl the floor, piping on
the floor and ballasted to hold on the floor with units also
mounted on the tloor, as well as other possible embodiments.
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As specifically illustrated i FIG. 6, a plurality of the
systems 10 of the present invention may be installed 1n the
tank or basin of a wastewater treatment system 100. As
depicted, the system 10 may be spaced generally equally
from one another for uniform mixing and aeration within the
basin. Alternatively, the systems 10 may be provided in
other arrangements.

In an alternative embodiment, completely independent air
lines or pipes may supply air to the fine bubble diffusers 50
and the coarse bubble mixer 20. In such an embodiment, the
fine bubble diffusers 50 may be supplied air by a first line
and the coarse bubble mixer 20 may be supplied air by a

second line. Such a system would give a positive split
between fine bubble diih

users 50 and the coarse bubble
mixer 20. In other words, the flowrate of air into the fine
bubble diffusers 50 would be entirely independent from (and
optionally different than) the flowrate of air into the coarse
bubble mixer 20. This would permait for variable and desired
rates of aeration and mixing that may be independent of one
another. It would also permit variable aeration and 1indepen-
dent mixer 20 frequency and intensity. In other words, the
rate of mixing could be changed without having to change
the amount of aeration from the fine bubble diffusers 50.
Similarly, the amount of aeration from the fine bubble
diffusers 50 could be changed without havmg to change the
mixing. Further, in such an embodiment, air may be supplied
only to the coarse bubble mixer 20 1n one mode of operation
if desired. Likewise, air may be supplied only to the fine
bubble diffusers 50 in another mode of operation 11 desired.
In this mode of operation the air discharged by the fine
bubble diffusers 50 may or more not, depending upon
configuration, be captured and reused by the coarse bubble
mixer 20.

From the foregoing, 1t will be seen that this invention 1s
one well adapted to attain all the ends and objects herein-
above set forth together with other advantages which are
inherent to the structure and method. It will be understood
that certain features and sub combinations are of utility and
may be employed without reference to other features and
sub combinations. This 1s contemplated by and 1s within the
scope of the claims. Since many possible embodiments of
the invention may be made without departing from the scope
thereol, it 1s also to be understood that all matters herein set
forth or shown 1n the accompanying drawings are to be
interpreted as 1llustrative and not limiting.

The constructions described above and illustrated in the
drawings are presented by way of example only and are not
intended to limit the concepts and principles of the present
invention. Thus, there has been shown and described several
embodiments of a novel invention. As 1s evident from the
foregoing description, certain aspects of the present mven-
tion are not limited by the particular details of the examples
illustrated herein, and 1t 1s therefore contemplated that other
modifications and applications, or equivalents thereot, will
occur to those skilled in the art. The terms “having” and
“including” and similar terms as used i1n the foregoing
specification are used in the sense of “optional” or “may
include” and not as “required”. Many changes, modifica-
tions, variations and other uses and applications of the
present construction will, however, become apparent to
those skilled 1n the art after considering the specification and
the accompanying drawings. All such changes, modifica-
tions, variations and other uses and applications which do
not depart from the spirit and scope of the invention are
deemed to be covered by the invention which is limited only
by the claims which follow.
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What 1s claimed 1s:

1. A system for aerating and mixing wastewater within a
treatment area, the system comprising:

at least one fine bubble diffuser configured for discharging,

gas 1nto the wastewater to aerate the wastewater;

at least one large bubble mixer configured for releasing

bubbles 1nto the wastewater to mix the wastewater,

wherein the large bubble mixer 1s located above the fine

bubble diffuser to form a combined large bubble mixer

and fine bubble difluser as a single unit, wherein the

large bubble mixer comprises:

a generally vertically-extending stack pipe;

an inlet port defined 1n a lower end of the stack pipe;

an opening defined in an upper end of the stack pipe;
and

an accumulator having a peripheral skirt surrounding a
portion of the stack pipe above the ilet port; and

at least one first line supplying gas to the fine bubble

diffuser.

2. The system of claim 1, wherein at least a portion of the
gas discharged from the fine bubble difluser 1s subsequently
captured by the large bubble mixer.

3. The system of claim 2, wherein gas discharged from the
fine bubble diffuser aerates the wastewater prior to being
captured by the large bubble mixer.

4. The system of claim 2, wherein the gas captured by the
large bubble mixer 1s accumulated within the large bubble
mixer to generate a large bubble that, upon exiting the large
bubble mixer, 1s broken into a plurality of smaller coarse
bubbles.

5. The system of claim 4, wherein the large bubble mixer
1s configured to discharge a large bubble once an accumu-
lator thereof becomes at least substantially filled with gas.

6. The system of claim 4, wherein the large bubble 1s
released from an upper end of the large bubble mixer.

7. The system of claim 1, wherein the large bubble mixer
includes an accumulator having a peripheral skirt located
above the fine bubble diffuser.

8. The system of claim 1, wherein the fine bubble diffuser
1s located directly below an accumulator of the large bubble
mixer.

9. The system of claim 8 further comprising additional
fine bubble diffusers that are not fully located directly below
the accumulator of the large bubble mixer.

10. The system of claim 1, wherein the large bubble mixer
1s adapted for operating as a siphon to generate one large
bubble per discharge cycle.

11. The system of claim 1 further comprising at least one
second line supplying gas to the large bubble mixer.

12. The system of claim 11, wherein the first line and the
second line are controlled independently from one another.

13. The system of claim 1, wherein the system 1s config-
ured for supplying gas only to the at least one fine bubble
diffuser.
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14. The system of claim 1, wherein the at least one fine
bubble diffuser configured for discharging gas 1n the form of
fine bubbles 1n the size range of about 0.5 mm to about 3.0
mm 1n diameter.

15. The system of claim 1, wherein the at least one fine
bubble diffuser 1s at least one of a disc diffuser, a tube
diffuser, and a panel diffuser.

16. A method for aerating and mixing wastewater within
a treatment area, the method comprising the steps of:

providing at least one fine bubble diffuser configured for

discharging gas into the wastewater for aecrating the
wastewater;

providing at least one large bubble mixer configured for

releasing bubbles into the wastewater for mixing the
wastewater, wherein the large bubble mixer 1s located
above the fine bubble diffuser to form a combined large
bubble mixer and fine bubble diffuser as a single unait,
wherein the large bubble mixer comprises:

a generally vertically-extending stack pipe;

an inlet port defined 1 a lower end of the stack pipe;

an opening defined in an upper end of the stack pipe;
and

an accumulator having a peripheral skirt surrounding a
portion of the stack pipe above the inlet port; and

supplying gas to only the fine bubble diffuser.
17. The method of claim 16 further comprising the step of

capturing, with the large bubble mixer, gas discharged from
the fine bubble diffuser.

18. The method of claim 17, wherein the gas captured
within the large bubble mixer 1s captured for reuse by the
large bubble mixer through additional oxygen transfer and
additional mixing supplementing fine bubble activity.

19. The method of claim 16 further comprising the step of
accumulating gas within the large bubble mixer to generate
one large bubble per discharge cycle.

20. The method of claim 19 further comprising the step of
releasing the large bubble from the large bubble mixer.

21. The method of claim 16, wherein all of the gas
supplied to the unit 1s discharged from the at least one fine
bubble diffuser.

22. A system for aerating and mixing wastewater within
a treatment area, the system comprising:

at least one fine bubble diffuser configured for discharging,

gas 1nto the wastewater to aerate the wastewater;

at least one large bubble mixer configured for releasing

bubbles into the wastewater to mix the wastewater,

wherein the large bubble mixer 1s located above the fine

bubble diffuser, wherein the large bubble mixer com-

Prises:

a generally vertically-extending pipe;

an 1nlet port defined 1n a lower end of the pipe;

an opening defined in an upper end of the pipe; and

an accumulator having a peripheral skirt surrounding a
portion of the pipe above the inlet port; and

at least one first line supplying gas to the fine bubble

diffuser.
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